thaliana (Wildermuth et al., 2001; Zhang et al., 2010; Wang et al., 2011) . It was recently 115 found that expression of SARD1 and CBP60g is regulated by the transcription factors 116 TGA1, TGA4, and WRKY70 (Sun et al., 2017; Zhou et al., 2017) .
117
Although SA is not the mobile signal for SAR, it contributes to SAR (Vernooij et 118 al., 1994; Lawton et al., 1995; Park et al., 2007) . SA is required for SAR in systemic 119 leaves but not local infected leaves of tobacco (Nicotiana tabacum) plants (Vernooij et 120 al., 1994) . Furthermore, SA contributes to SAR signal amplification together with ALD1 121 and FMO1 in A. thaliana systemic leaves, exemplifying the important role of SA in 122 systemic tissues for SAR (Bernsdorff et al., 2016) .
123
Previous research showed that MPK3 and MPK6 can regulate immune 124 responses redundantly with SA signaling when they are activated in a sustained 125 manner but not in a transient manner (Tsuda et al., 2013 
RESULTS

145
Local MAPK activation triggers SAR 146 5 SA application triggers SAR (Lawton et al., 1995) Figure 1A ).
155
Interestingly, expression of ALD1 was also induced by activation of MPK3 and MPK6 156 in both MKK4 DD and MKK4 DD sid2 plants ( Figure 1A ), pointing to a role of MPK3/MPK6 157 in SAR establishment without SA. Indeed, we observed that SAR is triggered in sustained MAPK activation (Tsuda et al., 2013 (Cao et al., 1997; Mishina and Zeier, 2006; Bernsdorff et al., 2016; Hartmann et al., 174 2018). SAR assay after local DEX application showed that FMO1, ALD1, and NPR1, that Pip-induced responses require FMO1 (Chen et al., 2018; Hartmann et al., 2018), 189 this indicates that NHP is the key signaling molecule in MAPK-mediated SAR.
190
Consistent with previous reports (Ren et al., 2008) , accumulation of the phytoalexin
191
camalexin also increased (Supplemental Figure 1C ). similarly to wild type background ( Figure 2B ). MAPK-mediated SAR was also partially 225 but significantly reduced in MKK4 DD wrky33 compared to MKK4 DD plants ( Figure 4C ),
226
suggesting that WRKY33 mediates MAPK-regulated SAR via ALD1 induction.
227
Consistent with this, the levels of ALD1 expression as well as PR1 and FMO1, Pip Moreover, the Pto-induced SAR fully depended on functional WRKY33 as well
233
(Supplemental Figure 3B ). Zeier, 2006; Liu et al., 2011; Bernsdorff et al., 2016; Hartmann et al., 2018) . Similar
242
to Pto but in contrast to Pto avrRpt2 or Pma expressing avrRpm1, Pma did not trigger 243 sustained MAPK activation in inoculated leaves (Supplemental Figure 4A ). Consistent with previous findings (Bernsdorff et al., 2016) , a weak but significant SAR response 245 was observed in sid2 after Pma inoculation, as well as in mpk3 sid2 ( Figure 5A ). Thus, 246 similar to SAR triggered by local Pto infection, the Pma-triggered SAR establishment 247 was predominantly dependent on SA ( Figure 5A ). In addition, Pma inoculation 248 triggered SAR in both mpk3 and mpk6 to nearly same levels with Col-0 wild type
249
( Figure 5A ). This was accompanied with wild type-like accumulation of Pip in the locally 250 inoculated and systemic leaves of both mpk3 and mpk6 mutants ( Figure 5C ). The Pma-
251
induced biosynthesis of NHP and camalexin, however, was specifically reduced in 252 mpk3 ( Figure 5C , Supplemental Figure 4B ). Moreover, SAR triggered by Pma was 253 attenuated in wrky33 plants ( Figure 5B ), and local Pip and NHP, as well as systemic
254
Pip accumulation was reduced in wrky33 upon local Pma infection ( Figure 5C ). branch to SAR that is activated after Pma inoculation and induces a partial SAR.
263
Consistent with previous reports (Návarová et al., 2012 , Hartmann et al., 2018 , these Indeed, three W-boxes, the binding motif of WRKYs, were found in the ALD1 promoter
271
( Figure 6A ). Therefore, we investigated WRKY33 binding to these W-boxes by Since it is known that defense activation often results in growth retardation (Huot et al., 284 2014), we investigated whether Pip affects root growth. We found that Pip triggers root 285 growth retardation although its effect was weaker than that of flg22, a MAMP and 286 known inducer of root growth retardation (Chinchilla et al., 2007) ( Figure 7A ). Root loop. Indeed, we observed that sustained local MAPK activation triggered by Pto
301
AvrRpt2 infection was compromised in wrky33, ald1, and fmo1 ( Figure 7C and 7D 
329
The SAR processes can be divided into three steps; local immune activation,
330
information relay from local to systemic tissues by mobile signal(s), and defense 331 activation and priming in systemic tissues (Jung et al., 2009; Shah and Zeier, 2013) .
332
In this study, we focused on local immune activation important for SAR establishment.
333
We showed that artificial local activation of MPK3 and MPK6 by the MKK4 DD system is conversion by FMO1 is a critical step for SAR activation (Hartmann et al., 2018) .
370
SA is required for SAR in systemic leaves but not local infected leaves of 371 tobacco plants (Vernooij et al., 1994 2007; Heese et al., 2007; Shan et al., 2008; Krol et al., 2010 (Chen et al., 2018; Hartmann and Zeier, 2018 Determination of pipecolic acid levels in leaves was performed using a protocol AvrRpt2 (OD=0.001) or mock and the samples were collected at 24 h post infiltration.
536
ChIP assay was performed as described previously (Yamaguchi et al., 2014) using 537 rabbit polyclonal anti-HA antibody. ALD1 specific primers described in Supplemental 538 Table 1 were used for qPCR analysis as described above. 
Accession Numbers
550
The accession numbers for the genes discussed in this article are as follows: 
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Col sid2
Col-0 sid2 experiments. ** indicates significant difference from 0 hpi (P < 0.01; two-tailed Student's t-tests). DD wrky33 at 24 h after infiltration with 1 µM DEX (B) and of Col-0, wrky33, sid2 and wrky33 sid2 at 7 h, 12 h, and 24 h after infiltration with Pto AvrRpt2 (OD600=0.001) or mock (E). Bars represent means and standard errors calculated from five (B) or three (E) independent biological replicates. (E) Statistical differences were calculated using a mixed linear model followed by two-tailed Student's t-tests. (C) and (F) Bacterial titers in systemic leaves of MKK4 DD and MKK4
DD wrky33 (C) and of Col-0, wrky33, sid2 and wrky33 sid2 (F). Primary leaves were infiltrated with 1 µM DEX or mock (C) and with Pto AvrRpt2 (OD600=0.001) or mock (F). After 1 day, systemic leaves were infiltrated with Pto (OD600=0.001), and bacterial titers in the systemic leaves were measured at 2 days post systemic infection. Bars represent means and standard errors calculated from at least four independent experiments each with three biological replicates using a mixed linear model. (A) to (F) Different letters above the bars denote statistically significant differences (adjusted P < 0.05). **, P < 0.01; two-tailed Student's t-tests. n.s., not significant. Five-week-old plants were supplied with 10 ml of 1 mM Pip (dosage of 10 µmol) or water via the root system. Three leaves per plant were infiltrated with Pma lux (OD 600 =0.001) at 1 day post treatment, and relative luminescence light units (rlu) per cm 2 (log 10 ) were measured at 60 hours post systemic infection. Bars represent means and standard errors of at least three independent biological replicates using a mixed linear model. (A) and (E) Different letters above the bars denote statistically significant differences (adjusted P < 0.01). (F) Model for the immune-amplification loop consisting of MPK3/6, WRKY33, ALD1, and pipecolic acid.
